The article presents the results of research on some selected properties of concrete taken from the foundations, walls and ceilings of the infrastructure facilities in the Auschwitz II-Birkenau former death camp. The research was conducted as part of a broad program aimed at the diagnosis and documentation of the condition of the camp buildings, as material historical objects associated with martyrdom. Due to the nature of the buildings, a research program has been developed to minimize the effects of damage associated with sampling. The research was carried out on core samples taken from parts of the camp buildings' structures. Results and analysis made it possible to estimate compression strength and concrete degradation and to develop a method to strengthen the concrete. The resulting information on the strength properties were used for computational analyzes determining the level of safety of the facilities concerned.
Introduction
Three years ago, within the Auschwitz II-Birkenau former death camp, a long-term conservation program was launched, which was aimed, among other things, at protecting and preserving the camp buildings. A research project was carried out under this program, the aim of which was to obtain information reflecting the actual condition of the existing facilities and to develop methods for their protection and preservation. The cubature facilities currently located on the premises of the Auschwitz-Birkenau State Museum in O wi cim are not only historic but they are also associated with the martyrdom of the period of World War II.
The most important aim of technical activities concerning such facilities is to assure their authenticity, the aim is to preserve the originality of the materials, their arrangements and to keep the smallest details of the surroundings. These requirements reflect the conservation doctrine enshrined, inter alia, in the Venice Charter [1] .
Currently, there are 98 camp facilities preserved within the Auschwitz II-Birkenau former death camp. This project discussed involved research on the foundations of 14 masonry cubature facilities, including 8 prisoner barracks, 6 camp infrastructure facilities, including: latrines, baths, laundries and a kitchen along with septic tanks, an air-raid shelter, watchtowers, etc.
Buildings and other camp infrastructure facilities, assumed to be of temporary nature, were built hastily using demolition materials of varying qualities. They often underwent damage already in use, i.e. in the period between 1942 and 1945. Despite systematic conservation carried out by the museum, degradation of the facilities has been progressing over the past 70 years, i.e. since the liberation of the camp. This can be observed using the comparison of the purifier chamber in 1964 and in 2015 (Fig.1) . 
Place and manner of sampling concrete
Concrete samples were prepared using diamond cores according EN 12504-1:2011 [2] . The total of the collected samples was 64, including 48 samples from concrete foundations of cubature facilities. The remaining 16 samples were collected from various types of concrete facilities of the camp infrastructure, such as its fire-fighting tank, water treatment plant air-raid shelter. Due to the poor condition of the concrete, part of the core samples spontaneously degraded during the process. These samples were not suitable for strength tests and the material sampled was used only to determine the degree of salinity and for microstructural studies.
The program and the research methodology

Macro and microscopic observations
The basis of the macroscopic description was a photographic documentation of the sampled concrete cores. The sites with a characteristic texture, i.e. varying degrees of sample destructions, were used for the preparation of samples in the form of debris used in the microstructural studies. Observations were carried out in a SEM using low vacuum, not sputtered samples. In some locations, elemental EDS analysis was carried out.
Compressive strength, density and composition
The compressive strength of concrete was determined on cylindrical samples cut from the cores according EN 12504-1:2011 [2] . The samples prepared had a diameter of 75 mm and a height equal to their diameter. Prior to testing, the opposite planes of the cylinders were ground to obtain smooth and parallel surfaces. Such samples were loaded at a rate of 0.5 MPa/s in a strength testing machine and the destructive force values were determined according EN 12390-3:2011 [3] . Compressive strength was determined as the ratio of the breaking force to the cross-sectional area of the sample. The samples for testing compressive strength, prior to their destruction, were used to define bulk density in the state of natural humidity according to EN 12390-7:2011 [3] .
Determination of the concrete composition consists in determining the content of the binder and the aggregate. To this end, a fragmented sample, dried to a constant weight, was dissolved in hydrochloric acid at a concentration of 15%. Then, in the filtration process, the filtrate was separated from the aggregate. Basing on the concrete sample weight and the weight of dried concrete aggregates remaining after the dissolution of the binder, the ratio of the paste to the aggregate (p/a) was determined.
Salinity and pH
The outer sections of the concrete core samples were used for the preparation of samples for chemical testing.
Fragmented materials were used for the preparation of aqueous extracts with the ratio of the ground material/distilled water of 1:5. Contents of sulphates, chlorides and nitrates were determined in the extracts and they were expressed in percent, relative to the weight of the binder. Determination of sulphate ions was carried out in acetone by titration with BaCl2 in the presence of Nitrosulfonazo III. Chloride ions were analyzed by the Merck test binding them in HgCl2. The nitrate content was determined using the Merck Nitrate Test.
Results and discussion
The concrete is made of cement paste and natural aggregate gravel with a grain size of 16 mm with a large share of oversize or pieces of ceramic bricks that act as a filler. Generally, the concrete is poorly compacted. In many cases, the concrete composition exhibited a deficiency or an excess of mortar. It has been found that the texture was porous and the amount and the size of the pores was related to the density. In addition, leaching resulted in the separation of the aggregate and the paste. Degradation progressed from the surface towards the interior of the material.
Samples characterized by varying degrees of destruction of concrete were used for scanning microscope observations (Fig. 2÷5) .
Basing on the observations, it was found that the main component of the binder in the analyzed concretes was the C-S-H phase with an irregular morphological form and a varying ratio of CaO to SiO2. Due to the impregnation with water and drying, which lasted for many years, the C-S-H phase was often strongly decalcified. Furthermore, no presence of calcium hydroxide was found. The C-S-H phase is locally infiltrated with sulfate corrosion products. The studies have shown the presence of numerous cracks, crevices and pores of varying diameters in the binder. In the case of heavily degraded concretes, a lack of a good or a total lack of the aggregate grains' cover with the binder was characteristic (Fig. 2) . In the pores and in the interstices between the aggregate and the binder as well as in the C-S-H phase, the presence of sulfate corrosion products was found. Taking into account the results of the elemental composition of EDS, it was found that it was secondary ettryngitt (Fig. 3) and thaumasite (Fig. 4) . Carbonation products in the form of fine crystalline calcite (Fig. 5) which crystallized on the surfaces resulting from the propagation of cracks, were also observed. 
The results of the tests of compressive strength, density and composition of the concrete
Due to large dispersion, the results of the density tests with the designated ratio of the paste to the aggregate and the results of the compressive strength tests of the concrete samples are shown as histograms (Fig. 6÷7) . Fig.6 . The frequency distribution of density, with specific intervals, the ratio p/a was determined for each group of concretes. The compressive strength of the concrete is varied in a wide range and is somewhat related to the nature of the facility. In the case of the foundations of cubature facilities, compressive strength is in the range 1.4÷34.0 MPa, while the range is 10.9÷58.1 MPa in other buildings. It is worth noting that 17.5% of the cores revealed no concrete compactness, suggesting a substantial degree of degradation. It has been acknowledged that strength increases with the density increase.
The results of determining the degree of salinity and the pH of concrete
Results of concrete pH determination and the construction salts content are shown in Fig. 8 . Analysis of the obtained pH results indicates that the tested cements' reaction was generally in the range from 9 to 12. The pH value at this level resulted from the process of leaching soluble components from the binder as a result of the actions of rainwater and groundwater, and the carbonation process. Due to the fact that no reinforcement was found in the sampled cores, the pH value below 11.8 (required for reinforced concrete) does not endanger the stability of these elements. It should be noted that some of the tested cores have a pH of less than 10. According to the literature [4] , concrete pH at the level of 9÷10 proves the cement binder degradation, including the C-S-H phase, being the main component of the cement matrix. As the scanning tests demonstrated, progressing carbonation, leaching of calcium hydroxide from the binder and the degradation of the C-S-H phase (decalcification) are the causes. Sulphate content is in the range 1.5÷5.5% by weight of the binder. According to [5] the SO4 2-ion content at which concrete destruction takes place is 6% by weight of the paste. The most frequent content of sulphate ions in the studied concretes is in the range 2÷4%. Thus it can be assumed that the designated contents are basically safe, while there was a dependence observed between the degree of concrete degradation and the content of sulphate. Generally, in the case of concretes with a higher sulphate content, the texture is clearly loosened, which is promoted by the presence of the secondary ettringite and/or thaumasite. In addition, chemical research has shown that the maximum content of chloride ions is 2.2% by weight of the paste. According to [6] in the case of unreinforced concrete, the acceptable content of Cl -ions is 1% by weight of the paste, while it is 0.4% in the case of the reinforced. As mentioned above, there was no reinforcement in the sampled cores, therefore, the concrete samples in which chloride ions' content exceeded 1% by weight of the binder should be noted. By adopting such a criterion, it was found that in the case of 8 samples, the content of Cl -ions was exceeded. The presence of chlorides increases the moisture content of the material, which in the case of facilities located on the premises of the former death camp, is not of critical importance. Due to the nature of the ground, the facilities and their foundations are constantly damp. However, increased chloride content may be important in a situation of a recurring and repeated impregnation and drying of the materials. This can result in crystallizing chloride salts, which increases the risk of the material destruction, due to the increased volume of the resulting salts. The content of nitrate salt demonstrated in chemical studied generally does not exceed 1.5% by weight of the binder. The content of impurities at this level and constant dampness do not pose a real threat to the stability of the tested concretes in terms of the influence of nitrate salts.
Conclusion
The presented results of the studies are part of a comprehensive conservation program conducted within the framework of the Master Plan for Preservation implemented by the Auschwitz-Birkenau State Museum whose ultimate goal is to preserve historic buildings in their original form for future generations. The study showed a large heterogeneity and great disparities in the behavior of concrete in the foundations and other facilities within the premises of the Auschwitz II-Birkenau former death camp. This is especially important when creating concepts, strengthening, stabilizing or restoring these foundations. The reported differentiation of the various properties of concrete clearly indicates the need for an individual approach to each facility and even individual fragments of them.
